The alkali halide crystals exhibit significant TL (thermoluminescence) properties when exposed to ionizing radiation. The defects in crystals can be produced in high concentration by means of chemical impurities, radiation, mechanical work and others processes. This study is concerned with the TL properties of quaternary mixtures of alkali halide crystals when they are irradiated with beta and gamma-rays. The samples were made mixing KCl, KBr, RbCl, RbBr salts doped with divalent europium (Eu 2+ ), by the Czochralski method sintering at 400 o C during 6 hours in a N 2 atmosphere. The samples were exposed to beta and gamma rays. We present the TL glow curves, demonstrating that the nature of the defects in the crystals can be produced by trapping states and recombination mechanisms. The highest temperature TL curves are the most interesting due to possible applications in dosimetry and optical energy storage.
Introduction


Early works [1] report TL (thermoluminescence) studies in insulators showing the effect of ionizing radiation in alkali halides single crystals particularly in europium doped alkali halide crystals [2] . More recently, some reports are available about binary crystalline mixtures irradiated with beta rays [3] . A complete characterization of a thermoluminescent material gives a characteristic glow curves related to stability of their traps. Recent studies with mixed ternary crystals indicate that can be useful for dosimetry applications due to the high temperature TL response peaks [4] . The high TL response produced with gamma radiation of ternary and quaternary crystals has been partially studied [5] .
In this work we report results of TL of quaternary alkali halide mixture of crystals in equal molar concentration doped with divalent europium subjected to beta and gamma radiation, which exhibited a TL response after being treated with various heat procedures applied to samples prior to irradiation.
We characterized the quaternary crystal by optical spectroscopy to obtain data of possible formation of europium aggregates. TL was performed later with irradiated crystals.
Materials and Method
The salts KCl, KBr, RbCl, RbBr were grown by Czochralski technique EuCl 2 (0.1%) were added to the melt in 0.25 molar fraction portions.
To obtain the spectra of excitation and emission of the quaternary samples we use a spectro-fluorometer.
Samples were heated at 500 o C and quenched showed fractures, afterwards these were irradiated with a 90 Sr/Y source of beta radiation for a lapse of 5 s at a rate of approximately 4.9 Gy/min. TL intensity was measured from low temperature to 673 K in a RISO TL system.
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Other samples of same type were irradiated with gamma radiation with heat treatments at 573 K, 623 K and 673 K for equal time periods smaller than one hour to destroy possible Europium agglomerates, and then cooled down at room temperature. Then they were irradiated in equilibrium with 100 mGy of 60 Co gamma radiation. The readings were taken two hours after irradiation. TL analysis of the samples was performed with a 4,000 Harshaw TL reader, coupled to a PC. The TL signal was obtained between 333 K and 573 K at a heating rate of 2 K/s. All readings were carried out under nitrogen atmosphere, to avoid spurious contributions in the luminescent signal.
Results and Discussion
In Fig. 1 we show the excitation and emission spectra of a quaternary sample doped with europium. Show signals between two europium characteristic peaks [6] . These enable various kinds of traps, probably due to some kind of europium aggregates.
In Fig. 2 we show the TL results with beta radiation. The typical TL emission features are mainly four glow peaks located at 362 K, 415 K, 491 K, 576 K, approximately. The peak emission of TL that occurs around 415 K attracts the attention because it corresponds to peak of 0.5 Cl and 0.5 Br composition and that responds well to halide composition effect on the TL glow peak temperature of mixed crystals [3] .
At temperatures above to 473 K are two glow peaks that can be related to different types of F centers or europium aggregates. The low temperature glow peaks give evidence that different traps are present in these composite materials.
For gamma radiation Fig. 3 shows the TL glow curves of a sample for different thermal treatments. Heat treatment given at 573 K produces a TL glow curve with four peaks at 363, 396, 435 and 518 K. With heat treatment increasing 50 K, the TL curve shows four peaks at 363, 398, 426 and 528 K. With heat treatment increasing 100 K, the TL curve showed only one peak at 623 K.
The next step was to give the same heat treatment at 623 K for 30 minutes, irradiated at the same dose and to take the readings TL 24 and 48 hours after irradiation, Fig. 4 shows the TL curve obtained 48 hours after irradiation and it exhibits the presence of two peaks at 436 K and 537 K. These were defined as the standard treatment for erasing. 
Conclusions
We can see in Fig. 2 that low temperature glow peaks associate to beta irradiation match with the peak at 363 K associated to Fig. 3 for the heat treatment at 673 K, also the other intense peak in Fig. 2 at 426 K match with a peak appearing with a heat treatment at 623 K. The same peaks obtained with different types of radiation means similar persistent traps.
Seeing the sample as a binary KBr 0.5 KCl 0.5 : Eu 2+ the main glow peaks temperature obeys the molar fraction of halogen composition since it is found in the middle between KBr: Eu 2+ and RbCl: Eu 2+ main glow peaks, while the alkali ions has minor influence in that temperature [3, 7, 8] . TL of four components mixed crystals with several compositions has to be studied to verify the halogen composition dependence of the glow peak temperature. The possibility of the quaternary crystals as dosimetry or optical energy storage application can be related to persistent traps near to dislocations, because the mixture has very mechanical tensions and many dislocations.
